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There has been considerable interest in yellow-flesh potatoes for the fresh market in the United States following the introduction of 'Yukon Gold' by Agriculture Canada (Johnston and Rowberry, 1981) . Most European potato varieties are yellow-flesh (Siebenick, 1959) , but until recently the American market has favored whiteflesh varieties. However, in 1991, 1032.4 ha of 'Yukon Gold' was planted for certified seed in the United States and Canada (National Potato Council, 1993) .
Breeding efforts are underway in several potato improvement programs to develop yellow-flesh varieties. The yellow-flesh trait is thought to be controlled by a single gene, with yellow dominant to white (Fruwirth, 1912) , although there may also be modifying genes (Schick, 1956) . Bonierbale et al. (1988) have mapped the yellow-flesh locus to chromosome 3. Yellow flesh in potatoes is due primarily to the xanthophylls lutein and violaxanthin (Brown et al., 1993; Iwanzik, 1983; Sinden et al., 1991) .
Research on the intensity of the yellow-flesh trait within a given potato variety, differences between varieties, and the variability of yellow-flesh intensity has not been reported. To select superior breeding clones for further evaluation as potential new varieties in the yellow-flesh breeding effort, criteria need to be developed for effective selection. Intense yellow flesh would be a prerequisite for a fresh-market, yellow-flesh potato. In addition, yield and uniformity of tuber size are also important.
Evaluating every tuber for yellow-flesh intensity in even a small experiment can be time consuming and costly. Several subsampling techniques are available to reduce the amount of sampling but still maintain a certain amount of precision.
The purposes of this study were to 1) evaluate the yellow-flesh intensity of 'Yukon Gold' and 24 selections (clones) from the U.S. Dept. of Agriculture (USDA, Beltsville, Md.) potato breeding program, 2) evaluate the yield and tuber size uniformity of these 24 yellow-flesh selections in relation to the standard check variety 'Yukon Gold', and 3) develop a subsampling scheme to discriminate adequately among clones for yellow-flesh intensity.
Materials and Methods
Twenty-four advanced yellow-flesh selections from the USDA potato breeding program and the check variety 'Yukon Gold' (clones) were planted in Presque Isle, Maine, in 1991 and 1992. The experimental design was a randomized complete block with three replications. Plots consisted of five plants per clone, spaced 23 cm apart, in rows spaced 91 cm apart. In 1991 and 1992, the trials were planted at the Echo Lake Farm, Presque Isle, on a Caribou gravelly loam soil. In 1991, the trial was planted 15 May and harvested 5 Oct. In 1992, the trial was planted 18 May and harvested 7 Oct. Tubers were dug with a single-row digger, picked up by hand, and stored at 4C, 95% relative humidity, in heavy paper bags until evaluated for yellow-flesh intensity during January and February.
Yellow-flesh intensity was determined by a colorimeter (Colorgard System 1000; Byk-Gardner, Silver Spring, Md.) programmed to calculate a yellowness index (YI E-313) from two scales (American Society for Testing Materials, 1991). Tubers were removed from cold storage during the winter, individual tuber weights were recorded to the nearest gram using a balance (GT2100; O'Haus Scale Corp., Florham Park, N.J.), tubers were sliced in half midway between the apical and stem end and patted dry on a paper towel, and each half was evaluated for yellow-flesh intensity on the colorimeter.
An analysis of variance was computed using SAS's GLM procedure (SAS Institute, 1987) for both years on the following variables: average yellow-flesh intensity per block, total tuber yield per block, average tuber weight per block, and the transformed variance of tuber weight. The variance of tuber weights was transformed, using a cubic-root transformation, to conform to distributional assumptions. Each clone's mean was compared to 'Yukon Gold' using the pooled estimates of variance from the analysis.
The data used for the above analyses were the means of all the tubers collected within each block for each clone. In addition, two types of subsampling schemes for measuring yellow-flesh intensity were examined: random subsampling and mean trimming based on a specified percentile interval. The mean trimming method entailed collecting and weighing all tubers for each pedigree within each block. Subsequently, yellowness index measurements were recorded on those tubers whose weight fell within a specified percentile interval. The following four percentile intervals based on tuber weights were considered: 10% to 90%, 25% to 75%, 35% to 65% and 40% to 60%. The percentiles were computed for each clone within each block using SAS's UNIVARIATE procedure (SAS Institute, 1988) .
Results and Discussion
The 1991 growing season was dry and hot from June through mid-August. In contrast, the 1992 growing season was cool with adequate moisture. As a result, total tuber yields, mean tuber weights, and the cubic-root transformation of the variance of individual tuber weights were very low in 1991 compared to 1992 (Tables 1 and 2 ). Under the stressful growing conditions in 1991, four yellow-flesh selections significantly outyielded 'Yukon Gold'. The mean tuber weights of 21 yellow-flesh selections in 1991 were significantly (α = 0.05) less than 'Yukon Gold'. Therefore, those clones that yielded significantly more than 'Yukon Gold' did so by producing more tubers, not larger tubers. However, none of the yellow-flesh selections significantly outyielded 'Yukon Gold' in 1992. The mean tuber weights of 16 clones in 1992 were also significantly less than 'Yukon Gold'. In 1992, three of the yellowflesh selections yielded significantly (α = 0.05) less than 'Yukon Gold'. These three clones produced fewer and smaller tubers than 'Yukon Gold'. Despite their significantly smaller tuber weights, two clones produced yields not significantly different from 'Yukon Gold' by producing many tubers: B0813-14 and B0813-5. 'Yukon Gold' was significantly more variable in individual tuber weight than 18 of the yellow-flesh selections in 1991 and six of the yellowflesh selections in 1992. The only yellow-flesh selection significantly more variable for individual tuber weight than 'Yukon Gold' in 1992 was B0811-13. These results suggest that, although 'Yukon Gold' is fairly high yielding, tuber weight is extremely variable. Several yellow-flesh clones yielded at least as much and were less variable in weight than 'Yukon Gold'.
Based on a t test, B0806-13 and B0808-11 were significantly less yellow than 'Yukon Gold' in 1991 and 1992. One clone (B0810-1) was significantly less yellow than 'Yukon Gold' in 1991, but not in 1992. Four clones were significantly more yellow than 'Yukon Gold' in 1991 and 1992: B0813-14, B0813-17, B0813-4, and B0813-7. These clones had some of the smallest overall yields and mean tuber weights of all clones tested. In general, when the YI E-313 yellow-flesh intensity index was <50, tuber flesh color ranged from cream to pale yellow. When the YI E-313 index was >50, tuber flesh color was a definite yellow.
Generally, there was an inverse relationship between tuber weight and yellow-flesh intensity. The overall median Spearman correlation coefficients (Snedecor and Cochran, 1967) were -0.27 and -0.31 for 1991 and 1992, respectively. Scatter plots of tuber weights (not shown) revealed some unusually large tubers that had lower values for yellow-flesh intensity and small tubers that had higher values for yellow-flesh intensity. Therefore, simple random subsampling is less efficient than methods that account for this relationship. Subsampling based on a set random sample is also unfeasible because the number of tubers harvested from a given block varied substantially from clone to clone.
Instead of randomly removing tubers, we removed from the sample those tubers that had the largest and smallest weights. The variance of the trimmed mean is reduced by removing the largest and smallest weights but is simultaneously inflated by the reduced Table 1 . Mean tuber weight, mean tuber yield per block, cubic-root transformation of the variance of the YI E-313 index, and the YI E-313 index for the total sample (0-100) and for the 25-75 percentile (based on tuber weights) subsample for yellow-flesh potato clones evaluated in 1991 in Presque Isle, Maine. Table 2 . Mean tuber weight, mean tuber yield per block, cube root transformation of the variance of the YI E-313 index, and the YI E-313 index for the total sample (0-100) and for the 25-75 percentile (based on tuber weights) subsample for yellow-flesh potato clones evaluated in 1992 in Presque Isle, Maine. sample size. The objective was to identify a percentile interval that significantly decreased the sample size without seriously affecting the results of the clonal comparisons. This can be achieved by using the 25 to 75 percentile interval (Tables 1 and 2 ). This reduced the overall median Spearman correlation coefficients (Snedecor and Cochran, 1967) to -0.08 and -0.22 for 1991 and 1992, respectively. Furthermore, selecting those tubers whose weight fell within the 25 to 75 percentile interval satisfactorily reduced the cost of evaluating yellow-flesh intensity by decreasing the sample size by about one-half. The role of individual tuber size, as measured by weight, on the yellow-flesh trait has been verified in this study. Subsampling techniques that reduce the sampling size for determining yellowflesh intensity but preserve the consistency of pairwise comparisons should allow for the influence of unusually large or small tubers. In this study, there was good agreement between results from the 25 to 75 percentile range and the total sample.
Mean tuber
There were significant differences in yellow-flesh intensity among the clones. Thus, it should be possible to breed for more intense yellow-flesh varieties. Further studies to verify the possible importance of modifying genes on the yellow-flesh trait and to investigate the role of genotype × environment interactions on the expression of the yellow-flesh trait are necessary.
